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INTRODUCTION 
The purpose which dominated the course of this investigation was that 
of developing some techniques for preserving vital stains in embryonic 
chick material. It was believed that perfection of such techniques might 
lead, eventually, to better interpretations of the early development of 
the chick. 
The chick is an ideal subject for such an investigation as this not 
only because of the varied controversies on itB early development, but also 
because of its cellular structure. Too, some doubt has been cast from 
other investigations in regard to the fate of the vital dye in the embryos. 
In the main, however, very little success has been accomplished in preserv¬ 
ing vital stains indefinitely in the chick in order to make prolonged mi¬ 
croscopical studies on the desired areas. 
This investigation did not concern itself with all of the many advan¬ 
tages nor the many disadvantages of vital staining. But the overall in¬ 
tention was to develop some successful techniques which might be employed 
to preserve vital stains during the early embryology of the chick for an 
indefinite period of time. 
The results of this investigation demonstrated rather conclusively 
two "successful" techniques for preserving vital stains indefinitely in 
embryonic chick material. It is the hope of this investigator that these 
results will be beneficial in making future studies on the early develop¬ 
ment of the chick. 
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REVIEW OF LITERATURE 
The use of vital staining in making better interpretations of and 
more thorough observations on the early embryology of certain organisms 
has been known since Vogt first reported his findings early in 1925. 
The early work employing the use of Vogt’s newly discovered techniques 
was done, for the most part, on amphibian embryos. However, Wetzel (’25) 
was the first to report that vital dyes could be used in making observa¬ 
tions on the morphogenetic processes of the early development of the chick. 
Following Wetzel’s "adventurous" use of vital stains on embryonic 
chick material, several other workers attempted the same. Graper ( '26- 
*27) employed cinematography on the disposition of the vital dye Nile blue 
sulfate in the chick embryo. By this method he was able to verify many of 
the first observations made by Wetzel, Peter (’38), however, attempted 
not only to make gross surface observations on the fate of the vital dye, 
but also attempted to preserve the dye long enough (about 30 days) to make 
more thorough observations. The method employed by Peter was only a modi¬ 
fication of some work done by Lehmann ( *32^ on amphibian embryos* 
The essence of the methods employed ty Peter and Lehmann is as fol¬ 
lows* The embryos were fixed in standard Zenker*s-acetlc acid fluid. The 
time of fixation varied for each worker: 2-4 hr. for Lehman and 2^-14 hr,, 
usually 4-4Ü? hr., for Peter. Following fixation the embryos were washed 
in running water for 1-2 hr. Lehmann then placed them in 2Jt phospho- 
tungstie acid from 2-7 hr.) Peter left them in the acid from 5-24 hr., 
usually overnight. Staining, both whole and section, was done with alum 
cochineal. Lehmann, finding that the color was lost in weak alcohols, 
used only 95% and 100% alcohol* Peter found by adding sublimate to the 
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alcohols that all grades of alcohol could be used. The use of the subli¬ 
mate insured retention of the intensity of the stain. 
Sherwood ( *26) found that by using the incubator during the vital 
dyeing and fixation processes, a more rapid penetration of the cells by 
the reagents employed was insured. Too, drying with heat instead of de¬ 
hydrating by means of alcohol avoided the loss of the vital dye (neutral 
red) and had no ill effects upon the cells. Weissenberg ('28), on the 
other hand, found in his work on lamprey embryos that the vital dye Bis¬ 
marck brown would endure alcohol passage excellently in spite of simple 
fixation of the embryos. 
Wintrebert (*32) found that amphibian eggs stained with Bismarck 
brown and Nile blue sulfate could be preserved if the eggs were fixed in 
a Zenker*s-picric acid fluid and mordanted with a phosphomolybdic-picric 
acid mixture. Stone (*32) and Detwiler find Kehoe (*39), also using am¬ 
phibian eggs, found that the use of 15? phosphomolybdic acid in the alco¬ 
hols helped to preserve the vital dye. Each of these latter two workers 
used the phosphomolybdic acid as a mordant. However, Detwiler and Kehoe 
( *39) found that ammonium molybdate was a better mordant because it re¬ 
duced the violent shrinkage which frequently occurred when the tissues 
were treated in the acid. 
Oppenheimer ( *36) demonstrated that Nile blue sulfate was an excel¬ 
lent and reliable indicator of cell lineage in Fundulue. She found that 
stained blastomeres could be followed through to gastrulation stages. 
Using cellophane strips impregnated with the vital stains, she was able 
to demonstrate that Nile blue sulfate diffused less than neutral red, yet 
Nile blue sulfate remained localised longer when combined with neutral 
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red. 
Despite the data which had been accumulated, the use of the vital 
stains in embryonic chick material, however, remained a controversial 
issue. Pasteels ( *37) used the stains to improve upon the observations of 
Wetzel ('29) • He made no attempt, however, to preserve the dye long enough 
to make microscopical studies of the desired areas. Spratt ('42), in ef¬ 
forts to refute the findings of Pasteels, attacked the use of vital stains 
as reliable indicators of cellular movements in the chick because the "dye 
(Nile blue sulfate or neutral red) in the marked cells tends to diffuse 
out rather extensively into adjacent cell areas". Again in 1947 Spratt 
continued his attacks on the use of vital stains on embryonic chick ma¬ 
terial, He contended that vital dyes "seem to have the property of secon¬ 
darily concentrating in the oxidized state along structural boundaries in 
the blastoderm". 
Rudntck ( '44) in her summarizing work on the early history and me¬ 
chanics of the chick blastoderm stated that "every mark transferred to 
the blastoderm through the vitelline membrane, tends to spread initially. 
Eventually all marks disappear, undoubtedly through reduction, since signs 
of diffusion, in the pellucid area at least, are absent." Jacobson ('38) 
proposed that Nile blue sulfate must, because of its association with 
lipoids, disappear by diffusing from the cells as they lie in the primi¬ 
tive streak. The histochemical observations made by him also showed that 
during the invagination process of the streak cells, there was a loss of 
lipoid material. 
MATERIALS AND METHODS 
Fresh fertile eggs of the White Plymouth Rock, New Hampshire Red and 
Rhode Island Red variety were obtained from a local hatchery weekly during 
the course of the investigation. The eggs were cleaned in 95$ alcohol and 
placed in small paper boxes containing a cotton cushion for support of the 
egg. They were allowed to stand at room temperature about 24 hr. before 
being used. Within such a span of time, the blastoderm would orient it¬ 
self to the upper side of the egg with the embryonic axis arranged at 
right angles to the long axis of the egg) and with the blunt end of the 
egg at the operator’s left, the head of the embiyo is away from the 
operator. This rule, however, was not nearly 100$ accurate though it did 
give a workable method for determining the location of the antero-pos- 
terlor axis of the developing embryos. Such fluctuations in von Baer’s 
rule have been well substantiated by the observations of Patterson ( ’09) 
and Chen (*32). 
The eggs not being used were stored during the warmer days in a re¬ 
frigerator-incubator at a temperature of 23° C. Those used were incubated 
from 8-10 hr. at 38° C. when the weather was cool. However, during the 
warm days it was not necessary to incubate them any more than three or 
four hours. A one square-centimeter outline opening was cut in the top 
side of the egg by means of an electric dental drill equipped with a cir¬ 
cular rotating disk. The shell was lifted up by means of a scalpel. 
After brushing the egg shell dust from around the opening, the exposed 
shell membrane was well moistened with fresh Ringer’s fluid. The membrane 
was carefully removed and the embryo observed in ovo under a dissecting 




The embryos were marked across their surfaces with fine glass needles 
(0.3-0*4 mm. in diameter) which had been previously coated with the Nile 
blue sulfate stain* The glass needles were prepared by placing them in a 
boiling 5% agar (dissolved in Ringer's) solution plus 0.5 gm. of Nile blue 
sulfate. Once the needle touched the surface of the blastoderm» a colored 
mark W&B made. It was not necessary to remove the vitelline membrane but 
the excessive albumen had to be removed from over the surface of the blas¬ 
toderm before a mark could be made. Once the embryo had been marked it 
was once again covered by the albumen and the opening in the shell was 
closed by placing a small glass cover slip over the opening and sealing 
around underneath it with paraffin. The eggs were again placed in the In¬ 
cubator and allowed to remain until evidence of some cellular movement 
had occurred, which could he ascertained by observing the disposition of 
the dye upon the surface of the blastoderm. 
At varying time intervals, usually 4-8 hr., the eggs were removed 
from the incubator, cover slips removed and embryos observed under the dis¬ 
secting microscope. Due to the extreme fragility of the chick blastoderms, 
especially at such early stage# employed in this investigation, they were 
removed from the yolk by first fixing them on the yolk and then cutting 
around them well outside the area opaca after the fixative had remained 
for about 30 mitt. After cutting around them, a probe with a flat and 
slightly pointed tip was moved underneath the entire surface of the blas¬ 
toderm until the disk became completely loosened from its environment. 
A section lifter was then carefully pushed underneath and the disk 
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transferred to a Syracuse dish containing more of the fixa tire. Excessive 
yolk remaining underneath the blastoderm could be removed by carefully 
agitating it with a small pipette containing some of the fixative. 
Since methods of fixation are extremely important to this investiga¬ 
tion, they will receive special attention* In addition to the customary 
method employing standard Zenker*s-acetic acid fluid (Guyer, *36), two 
other methods of fixation were used. A discussion of each of these methods 
has been reserved for a later section} however, the method of preparation 
for the latter two will be mentioned in this section. 
Preparation of Fixative I (Modified 10% Formol) i A 10% solution of 
formol (commercial) was prepared by mixing 10 ml. of formol with 90 ml. of 
distilled water. To this solution 7 gm. of phosphomolybdic acid was added. 
Preparation of Fixative IX (Modified Zenker's)i Standard Zenker*s 
fluid was prepared in advance by the method of Guyer (*36}. To mordant 
this fixative with phosphomolybdic acid, it was necessary to first dis¬ 
solve a little of the acid in just enough distilled water to cause it to 
go into solution. This was necessary because phosphomolybdic acid formed 
a precipitate with Zenker*s fluid. Zenker's fluid was then poured over 
this acid solution with 5% acetic acid being added at the moment the fixa¬ 
tive was to be used. It was necessary for the phosphomolybdic acid solu¬ 
tion to be freshly prepared. 
The time of fixation with Fixative I was from 5-8 hr. and sometimes 
overnight. That of Fixative II was from 3-10 hr. and usually overnight* 
In cases where standard Zenker*s-acetic acid fluid was used, fixation 
lasted from 4-14 hr. 
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The customary after-fixation procedure was toi (1) wash rapidly in 
running tap water; (2) wash in water plus 1% phosphomolybdic acid for 30 
min. ; (3) pass through 70% and 90% alcohol to which 1% phosphomolybdic 
acid had been added, 30 min, in each; (4) pass through 95% and 100% alco¬ 
hol to which 1% phosphomolybdic acid had been added, 5 min. in each; (5) 
clear in benzol for 20 min.; (6) pass through two changes of paraffin from 
20-30 min. This customary procedure was employed each time the above men¬ 
tioned fixatives were used. 
For testing purposes, other blastoderms which had been fixed in Fixa¬ 
tive I were washed rapidly in Dioxane (diethylene dioxide) and then passed 
directly to paraffin. Others fixed in Fixative II were washed thoroughly 
in several changes of 2% phosphotungstic acid water, transferred to Dioxane 
and then passed to paraffin. 
The embryos were sectioned at 15 microns and stained in Lillie's 
Piero Naphthol Blue Black (Conn and Darrow, '47) with slight modifications. 
These modifications included addition of phosphomolybdic acid at the de¬ 
sired time in all alcohols, stains, water, acetic acid. The xylene-alcohol 
was prepared with absolute alcohol-phosphomolybdic acid. The rinsing in 
running tap water was dons by preparing a large quantity of phosphomolybdic 
acid-tap water and pouring it over the slide which had been placed in a 
clean staining dish in a large metal container. Canada balsam was used 
in place of the clarite for mounting purposes. 
EXPERIMENTAL OBSERVATIONS 
From all Indications it appears that the use of the mordanting re¬ 
agent in the fixative is an excellent means of insuring the preservation 
of the vital dye, Nile blue sulfate, in embryonic chick material. The 
brilliant intensity of the dye seemed to have become less intensified, to 
the extent of complete fading, after having remained in the standard Zen¬ 
ker* s-acetic acid fluid. It was observed that the special modification of 
Zenker* s-acetic acid fluid used in this investigation reduced almost com¬ 
pletely the violent action of standard Zenker*s. The phosphomolybdic- 
formol preparation was rapid in its killing nature, yet not violent to the 
extent of causing shrinkage or swelling. Both modifications gave essen¬ 
tially the same results. 
Further observations indicated that after having undergone excessive 
washing, treatment in the graded series of alcohols and clearing in benzol, 
that the dye had almost completely faded out. The use of Dioxane (sug¬ 
gested by McClung *38) as the intermediary between fixation and imbedding 
was observed to be better than the customary technique of washing, dehy¬ 
drating with alcohol and clearing in benzol. Blastoderms treated in Di¬ 
oxane appeared to retain very brilliantly the intensity of the Nile blue 
sulfate, as observed from the surface of the blastoderm. Too, Dioxane 
rendered the blastoderm less brittle, which usually followed when the cus¬ 
tomary procedure was employed, thereby decreasing the chances for cracking 
during the handling process. 
Surface observations revealed that blastoderms which had been too 
heavily marked usually disintegrated. Too, if the surface of the 
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dye-coated thin glass needle was not uniformly smooth, the blastoderm be¬ 
came punctured and showed signs of disintegration as development proceeded. 
Chances for this sort of disintegration were reduced considerably when 
needles which had been first coated in a boiling 5% agar medium and then 
dipped into a cool saturated solution of Nile blue sulfate were used. 
Normal peripheral "diffusion" of the dye was observed only in cases 
where the dye-coated needle was longer than the diameter of the blastoderm 
(usually 4«5 mm.). In other cases where disintegration had occurred, mass 
diffusion in all directions was observed. This, however, was due to the 
disintegrated cellular mass carrying the dyed cells in various directions 
as development progressed. 
Microscopical examination of sectioned blastoderms revealed that some 
sections through the regions where the dye had been first placed, as could 
be observed from the surface, showed evidence of a high concentration of 
the dye in the cells of the middle germ layer (figs. 1-3). Other sections 
showed the dye in cells which had begun to "invaginate" (Pasteels, *37) 
towards the middle layer (figs. 4-5)• Cells taking up the dye stained a 
brilliant bluish purple. 
DISCUSSION 
That the high poly acids such as phosphomolybdic and phosphotungstic 
are excellent mordanting reagents is not a new phenomenon. Stone ( *32), 
Wintrebert (*32), Lehmann (*32), Peter (*38) and Detwller and Kehoe (*39) 
used these acids to mordant vital-stained tissues of amphibian and chick 
embryos. Though successful in amphibians, very little success was realized 
from these methods of preservations when chick material was used. 
Since it has been definitely demonstrated that pho sphomolybdic acid, 
for example, is an excellent mordant, it would appear that some means 
should be employed so as to insure the best action of the mordant on the 
vital-stained tissue. The above mentioned workers treated vital-stained 
tissues in the mordant after prolonged fixation in fixatives devoid of any 
mordant. Observations from this method of prolonged fixation might make 
the conclusions of Spratt ( *42, *47) valid! "that vitally stained marks 
are not a reliable indicator of cell movements in the chick because the 
dye (Nile blue sulfate ...) in the marked cells tends to diffuse out 
rather extensively into adjacent cell areas"} that "if one attempts to 
mark only a very small area ... with a vital dye such as Nile blue sul¬ 
fate the stain will shortly disappear, apparently as a result of diffusion 
or of reduction of the dye by the cells." 
Although some workers (Wetzel, *29 and pasteela, ’37 in the chick} 
Oppenheimer, *36 in Fundulus) have attempted to show that the dye is a 
reliable indicator of cellular movements and others, including Lehmann (*3<5 
and Peter (*38), to preserve it, many controversies still persist in re¬ 
gard to the fate of the vital dye. Because of these numerous arguments 
which have arisen, this work was attempted in order to develop successful 
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means for preserving the dye indefinitely in the chick. It was found 
that by mordanting the fixatives as well as the other solutions used in 
preparing the vital-stained tissue for microscopical examination that ex¬ 
cellent results might be obtained. 
The results obtained from this investigation indicated that perhaps 
Jacobson (’38) was in error himself in stating that in the chick the 
vital dye was taken up by yolk and fat globules. Too, he stated from his 
histoohemical observations that all invaginating materials except noto¬ 
chord lost their lipid content. Pasteels (*37) demonstrated by using 
vital stain indicators that there was invagination of the lateral mesoderm 
around the developing primitive streak. Hence, Pasteels» work would indi¬ 
cate that if a vital mark is made in a region where lateral mesoderm is 
located, that as development progressed one should expect to find evidence 
of the mark in the middle germ layer. This would mean that Jacobson»s 
view that the dye would be picked up by lipoids did not hold true. Too, 
if his views were oorrect, no evidence of the dye would be seen because 
it would have been carried away with the disappearing lipoids; that is, 
until his findings can be substantiated with a more accurate account of 
the time relationships involved. 
Microscopical examination of embryos used in this investigation in¬ 
dicated that there was a high concentration of the dye in the middle germ 
layer. Nevertheless, in some cases the yolk did become infiltrated with 
some of the dye. This was due, perhaps, to the rigorous morphogenetic 
processes described by Wetzel (*29) and Pasteels (»37). Other sections 
showed evidence that the dye did not remain in the surface layer, throwing 
further light on the findings of Pasteels (*37). 
SUMMÂKÏ AUD CONCLUSIONS 
1. Standard Zenker* s-acetic acid fixing fluid mordanted with phospho- 
molybdic acid was an excellent method for the fixation of vital-stained 
embryonic chick material. Use of this fixative was followed by washing in 
several changes of 2% phosphotungatic acid-water. 
2. Mordanting 10£ formol with phosphomolybdic acid (7 gnu to every 
100 ml. of the formol solution) was demonstrated to be another successful 
technique in preserving chick material which had been vitally stained with 
Nile blue sulfate. Rapid washing in Dioxane and then passing to paraffin 
insured the brilliant intensity of the blue mark and rendered the blasto¬ 
derm less brittle. 
3. By first dipping the very fine glass needles in a boiling 5% agar 
medium and then passing them into a cold saturated solution of Nile blue 
sulfate, smoother surfaces were obtained. Hence, the chances for punc¬ 
turing the surfaces of the blastoderms were reduced considerably. 
4* Evidence that the dye was observed in the middle germ layers indi¬ 
cated that it is a reliable and valid indicator of cellular movements in 
the chick embryo. 
5. Such techniques as have been already outlined could insure better 
interpretations of the early embryology of the chick where the workers 
had employed the use of vital stains such as Nile blue sulfate as indi¬ 
cators of cellular movements. 
13 
LITERATURE CITED 
Chan, B. K. 1932 The early development of the duck’s egg, with special 
reference to the origin of the primitive Btreak. J. Morph., vol. 53, 
pp. 133-188. 
Conn, H. J. and M. A. Darrow 1946 Staining Procedures. Biological Stain 
Commission, Inc., Geneva, N. T. 
Detwiler, S. R. and K. Kehoe 1939 Further observation on the origin of 
the sheath cells of Schwann. J. Exp. Zool., vol. 81, pp. 415-436. 
Graper, L. 1926-27 Die Kethodik der stereokinamatigraphischen Unter- 
suchungen des lebenden vitalgefarbten Huhnerembryos. Arch. Entw.- 
mech., vol. 115, pp. 523-554* 
Guyer, M. F. 1936 Animal micrology, 4th ad. University of Chicago Press, 
Chicago. 
Jacobson, V. 1938 The early development of the avian embryo. II. Meso¬ 
derm formation and the distribution of presumptive embryonic 
material. J. Morph., vol. 62, pp. 445-488. 
■v. 
Lehmann, F. E. 1932 Die Beteiligung von Implan tats- und Wirtsgewebe 
bei der Gastrulation und Neurulation induzierter Babiy on&lanlagen. 
Arch. Entw.-mech., vol. 125, pp. 566-639. 
McClung, C. A. 1938 Microscopical technique. Paul B. Hoeber, New York. 
Oppenheimer, J. M. 1936 Processes of localization in developing Fundu- 
lus. J. Exp. Zool., vol. 73, pp. 405-444. 
Paste els, J. 1937 Etudes sur la gastrulation des Vertebras meroblas- 
tlques. III. Oiseaux. IV. Conclusions generales. Arch. Biol. 
(Paris), vol. 48, pp. 381-488. 
Patterson, J. T. 1909 Gastrulation in the pigeon’s egg. J. Morph., vol. 
20, pp. 65—124. 
Peter, Karl 1938 Untersuchungen uber die Entwickelung des Dotterento- 
derms. I. Die Entwickelung des Entoderms beim Huhneher. II. Die 
Entwickelung des Entoderms bei der Taube. Zeit. mikr. Anat. Forsch., 
vol* 43, PP* 36O—450. 
Rudnick, D. 1944 Early history and mechanics of the chide blastoderm. 
Quart. Rev. Biol., vol. 19, pp. 65-113. 
Sherwood, M. B. 1926 A method for preserving and counterstaining 
vitally-stained cells. Proc. Soo. Exp. Biol, and Med., no. 8, vol. 
23, pp. 622-625. 
H 
15 
Spratt, N. T* 1942 Location of organ-specific regions and their relation¬ 
ship to the development of the primitive streak in the early chick 
blastoderm. J. Exp. Zool., vol. 89, pp. 69-101. 
  1947 Regression and shortening of the primitive streak in 
the explanted chick blastoderm. J. Exp. Zool., vol. 104, pp. 69-100. 
Stone, L. S. 1932 Selective staining of the neural crest and its preser¬ 
vation for microscopic study. Anat. Rec., vol. 51, pp* 267-283. 
Vogt, V. 1925 Geataltungsanalyse am Àmphiblenkeim mit ortlicher Vital- 
farbung. I. Methodik. Arch. En tv.-me ch., vol. 106, pp. 542-546. 
Weisperiberg, R. 1928 Vitalmarkierungen mit Bismarckbraun und ihre Kon- 
servierung xweeks Dntersuchung auf Paraffinschnitten. Arch. Entw.- 
mech., vol. 118, pp. 481-498, 
Wetzel, R. 1925 Untersuchungen am Huhnerkeim. Anat. Anz., vol. 60, pp. 
127-135. 
  1929 Untersuchungen am Huhncher. Die Entwickelung des Reims 
wshrend der ersten beiden Bruttage. Arch. Entv.-mech., vol. 119, pp. 
188-321. 
Vintrebert, P. 1932 La conservation, dans les coupes a la paraffine, des 
marques vitales au brun Bismarck et au sulfate de bleu de Nil, faites 
sur les oeufs vivants d’Amphibiens. Compt. Rend. Acad. Sel. (Paris), 
no. 11, vol. 194, PP* 1013—1015* 
16 
PLATE 1 
(Explanation of Figures) 
PLATE 1 
(Explanation of Figures) 
Figures 1-3» Photomicrographs of sections shoving the high 
concentration of cells stained with the Nile blue 
sulfate located in the middle germ layer. Note 
the striking contrast between the middle layer of 
cells and the outermost and innermost layers in 




(Explanation of Figures) 
PLATE 2 
(Explanation of Figures) 
Figures 4-5. Photomicrographs of sections showing darkly 
Stained cells as they have begun to "invaginate" 
from the area of the epibl&st towards the middle 
area. X 400* 
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